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Method of analysis
Summary
. 720 , 1923-24. IN Part 1,* Table 5 , are recorded the amounts of phosphate found at the L Stations up to August, 1923 . These have been continued up to December, 1924 , in the present paper, Table 1 . It will be noted that high values are recorded for December, January, and February, that there is a marked fall in spring, so that during June, July, and, at some stations, August, the surface water it! altogether or almost devoid of phosphate. Towards winter the values again rise. These results, therefore, confirm those of Part I and the values obtained by Matthews using the method of Pouget and Chouchak. In this and the following tables occasional high values are encountered, as in Part I. It is to be supposed that they are due to the enrichment of the locality sampled by the larger members of the fauna or by passing vessels. Several records are given for September, including duplicate analyses performed after the water had been stored for ten days or a fortnight. These stored samples here show marked increases, due doubtless to decomposition. For this reason it is imperative that the water should be analysed for phosphate as soon as possible after it has been withdrawn from the sea. In other cases, In Table 3the values given in Part I, ran out almost level. Furthermore, the two years were closely similar in the extent to which phosphate was removed from the water column in the open sea, as shown by the E1 results. The values given in Table 3 for the phosphate-depth series are shown in Fig. 4 .:t~..c: """ '" " " "01:: P<" 0~..c: <? 0"" N" further growth, for the phosphate left over was far from the light. To be accurate there was some growth, as the surface waters were more nearly being completely deprived of phosphate in July than in June. Table 5 is similar in construction to Table 4 , but shows temperatures instead of phosphate concentrations. It was d~awn up by reading off from Figs. 5 and 6, which are plotted from the surface and bottom (70 ill.) observations made at E1 from 1921~24 inclusive. In these it may be seen th.ft 1924 was the coldest year in the spring, a condition which persisted till November at the bottom. Moreover, no two years were the same. In view of the very high temperature coefficient which living. cells show as regards all their processes of metabolism, these differences. production of the phytoplankton was far ahead of that of the zooplankton as compa:r;edwith 1923. It is possible that a difference of this kind may affect certain species of the latter advantageously, in that their food supp).yis abundant, or adversely if it so happens that the particular food organism required has appeared and disappeared again, as for example,
SEASONAL CHANGES IN THE PHOSPHATE CONTENT AT L STATIONS
Similar seasonal changes-in the phosphate content offresh-waterponds, ha ve peen found by the author and Harris (1924); an abstract is published in tJJ.is,'fourna!.'-
..
SEASONAL CHANGES IN THE PHOSPHATE CONTENT: OF THE WATER OF .THE ENGLISH CHANNEL AT THE E AND N STATIONS.
The positions of the stations are shown in the map given on p. 754, Vol. 12, No.4, of this Journal; the E series form a line from Plymouth to Ushant and the N from Ushant to Cork, N2 being near the Bishop Light, S.E. of the Scillies. N3, however, is in the passage between the islands and Cornwall. The results from Nov., 1923 -Nov., 1924 are shown in Tables 6, 7 , 8, and 9, also in Figs. 7 and 8:' these should be compared with Tables 8 and 9 and Figs. 6 and 7 in Part I, this Journal, p. 132, Vol. 13, No.1. These stations illustrate the fact that the seasonal changes occur in very much the same manner at all the localities investigated, though the smaller number of observations renders the sequence less detailed. On comparing the two years it is seen that phosphate consumption had progressed slightly further by May, 1923; than by May, 1924 , at E2 and E3, while at N1 and N2 the seasons were very much alike. In July, 1924, E2 was either behind 1923, or more probably in view of the high surface values rather ahead ofit on the path towards regeneration of phosphate. At E3 the two years were very similar, as also at N2. At Nl the surface water was more completely denuded of phosphate in 1923, but the deeper water was the poorer in 1924, so that on the whole the two years were much alike. The Novembe],'res:ults all indicated that either owing to more rapid regeneration or to the influx of water richer in phosphate the water in 1924 was rather better supplied with phosphate-than in 1923. These differences are, however, all of a minor kind; in general the. seasonal changes were alike.
Tables 6'-9 also .record the temperature ohservations, as well as the phosphate content.' -On comparing the .two sets of figures it ,becomes: SEASONALCHANGESIN PHOSPHATECONTENT. 709' to 15 metres, with a P205 value of 2 mg., whereas at E2, where the epithalassa extends to 25 m.,the lQwvalue, 4 mg., is found at that depth. Other examples may be noted elsewhere in the tables. This is quite in keeping with the reslllts afforded by hydrogen ion concentration measure-.
ments as recorded in tb.e writer's previous papers in this Journal. It appears to be indicated also in Table 8 The left-hand portion is for Nl.
being relatively rich in zooplankton, though it is quite possible that the high values found in a few cases may have been-occasioned by fortuitous contamination-of the water before it was drawn. waterlayers by the presence of plankton slowly sinking as it decomposes must be kept in mind. The striking thing about the August results is that the deeper water has not been denuded of phosphate to anything like the same depth that the shallowerwater at, say, E1 has been. . The epithalassa is in this region subject to less mixing with the hypothalassa than in shallower water, which is indicated by the temperature observations also. The phosphate reserve is, therefore, not available for plant growth till it is brought nearer the surface into sufficient illumination.
Further evidence on the phosphate content of the deeper water was values averaging 77 mg. per m.3 may have their origin in the admixture of deep water from the Atlantic, though the temperatures are too low to use this as an explanation with any confidence, for even in May the south side of the ridge was at 8.50. Similar high and irregular values were obtained at the other Scotch stations, but the results are being held over pending confirmation by other samples. The possibility of enrichment from the glass of the bottles is also being examined by storage tests. The bottles used in August were not the ordinary spring clip milk bottles of green glass, but were of a soft white glass with waxed co:l;ks.
PHOSPHATE CONTENT OF THE ATLANTIC OCEAN AND OTHER WATERS.
In Table 13 are recorded th,e results from samples from the ,Irish Channel, which are very similar to those in the English Channel at the same seasons, also one station 80 miles S.W. of the Fastnet Light. This had on Nov. 19th the same pp'osphate content as El had on Nov. 12th, but the deeper water 310 m., gave the high vallle 44 mg.
An interesting series is provided by the run from England to Ceylon, shown in Table 14 . Sea water,sent out in the case of boxes was analysed show that almost all the phosphate is used up in the well-illuminated southern waters, so that the conditions are similar to those for the English Channel in July.
The whole weight of evidence afforded by the phosphate determinations, recorded in this paper and in Part I is in favour of the view that where illumination is adequate the phytoplankton increases till the phosphate is almost absolutely used up. From this it may be concluded that the lack of phosphate limits the abundance of the phytoplankton, and, therefore, of necessity of the zooplankton. It would be of interest to ascertain by how much the plankton would increase were an unlimited supply of phosphate available and what substance would then become the limiting factor.
The results obtained for tropical waters indicate that in them illumination is always adequate, so that at any given time the amount of phosphate free in the water as such is small. Apparently as one organism liberates phosphate by death or excretion it is used up by another with but little loss of time. The change from summer to winter conditions is accordingly less marked in the phosphate cycle of tropical than of temperature regions. It appEars legitimate to conclude that in northern regions the change from summer to winter conditions is more marked in this as in other biological cycles. The long nights and the low altitude of the sun during winter must result in a great diminution in the amount of the phytoplankton, with consequent liberation of phosphate. It is to be expected, therefore, that the arctic waters should have a greater phosphate concentration during winter than those around the British Isles. Furthermore, at an times mixing of surface water with deeper water is more easily effected the nearer that water is to its temperature of maximum density, as explained in an accompanying paper by the author. With the advent of increased sunshine and long days these northern waters produce accordingly the abundant plankton for which they are noted.
METHOD OF ANALYSIS.
As explained in Part I the phosphate estimations were made by means of the coeruleo-molybdate colorimetric method of Deniges, using Hehner tubes for the comparison in preference to either a Duboscq or Kober colorimeter. The comparisons were made against a standard of KH2P04 preserved with toluene. The working standard was equivalent to 0.50 mg. P 205 per litre, and as a rule this was diluted, 10 C.c. to 100 c.c., for use. This concentration, 0,050 mg. per litre, gives a depth of clear blue, which is convenient for work with natural waters. The solutions used were :-(a) 100 C.c. of 10 per cent ammonium molybdate plus 300 C.c. of 50 per cent (by volume) sulphuric acid. Of this mixture 2 C.c. is added to 100 C.c. of the sample. The reagent should be stored in the dark tominimise the spontaneous production of a blue tint.
(b) Stannous chloride, freshly prepared from 0.1 grm. tin dissolved in 2 C.c.of hydrochloric acid with one drop of 3-4 per cent copper sulphate and made up to 10 C.c. It was at first usual to add five drops of this mixture, following Florentin's proportions. However, a yellow tint which developed in the sample, though not in the standard, constituteda source of trouble. It has now been found that by adding only the minimum amount of stannous chloride this trouble is obviated and the blue tint remains. Usually it suffices to add one drop to each 100 C.c. of sea water.
To convert the conventional P205 values into the more rational values for the P04 ion the factor 1,338, or very approximately t, may be used to multiply the former. .
In conclusion, the writer wishes to acknowledge hi/:! indebtedness and to express his thanks to Mr. H. W. Harvey and other members of. the Laboratory staff and the crew of the Salpa for assistance in temperature observations and in the obtaining of water samples; also to Dr. Russell, Mr. J. R. Lumby, and staff of the Fisheries Laboratory, Lowestoft, for water samples; to Dr. Bowman, Mr. R. S. Clark, and staff of the Scotch Fisheries Department, Aberdeen, and to Mr. G. P. Farran, of the Irish..Fisheries Department, for water samples. The author is also indebted to Mr. R. S. White and to Capt. Elliott, Mr. Davidson, Chief Engineer, and Mr. Jackson, of the City of Exeter, for the interesting samples extending to Ceylon, and to Dr. Cyril Crossley, of the St. George, for the Panama series.
